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(54) STEERING SYSTEM

(57)  In a steering system, a first universal joint 9 in-
cludes a first yoke 20 coupled to an intermediate shaft
4. A second universal joint 10 includes a fourth yoke 60
paired with a third yoke 50 coupled to the intermediate
shaft 4 and a shaft attachment portion 70 joined to the
fourth yoke 60 and in which a bolt insertion hole 73 al-
lowing a pinion shaft 5 to be clamped is formed. When
an angle  between the intermediate shaft 4 and a steer-

FIG.2

ing shaft 3 is set to 61, an around-axis angle o of the first
yoke 20 in a rotating direction Sis setto w1, and an angle
between the intermediate shaft 4 and the pinion shaft 5
is set to 62, a junction angle ¢ between the fourth yoke
60 and the shaft attachment portion 70 in the rotating
direction S is adjusted to set an around-axis angle ¢ of
the bolt insertion hole 73 in the rotating direction S to a
preset angle ©2.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a steering system.

2. Description of the Related Art

[0002] A steering system generally includes an inter-
mediate shaft that couples a steering shaft on which a
steering wheel is installed to a pinion shaft of a steering
gear. A universal joint is interposed between the inter-
mediate shaft and the steering shaft and between the
intermediate shaft and the pinion shaft. See, forexample,
Japanese Patent Application Publication No.
2015-110988 (JP 2015-110988 A).

[0003] As disclosed in JP 2015-110988 A, the univer-
sal joint between the intermediate shaft and the pinion
shaft is coupled to the pinion shaft via a bolt. When the
steering system is assembled in a vehicle body, if the
bolt is attached in a direction in which an attachment op-
eration is not easy, an operation of assembling the uni-
versal joint in the steering system may be inefficient.

SUMMARY OF THE INVENTION

[0004] Anobjectoftheinventionistoprovide asteering
system that can be more efficiently assembled in a ve-
hicle body.

[0005] A steering system in an aspect of the invention
includes an intermediate shaft to which a turning force
of a steering member is transmitted through a first end
of the intermediate shaft, a first universal joint coupled
to the first end of the intermediate shaft, and a second
universal joint coupled to a second end of the intermedi-
ate shaft. The first universal joint includes a first yoke
coupled to the intermediate shaft and a second yoke
paired with the first yoke, and the second universal joint
includes a third yoke coupled to the intermediate shaft,
a fourth yoke paired with the third yoke, and a shaft at-
tachment portion coupled to the fourth yoke and via which
a shaftis attached to the fourth yoke. A boltinsertion hole
is formed in the shaft attachment portion to allow the shaft
to be clamped. When an angle between the intermediate
shaft and a shaft coupled to the second yoke is set to 61,
an around-axis angle of the first yoke in a rotating direc-
tion around an axial direction is set to w1, and an angle
between the intermediate shaft and the shaft coupled to
the fourth yoke is set to 82, a junction angle between the
fourth yoke and the shaft attachment portion in the rotat-
ing direction is adjusted to set an around-axis angle of
the bolt insertion hole in the shaft attachment portion in
the rotating direction to a preset angle 2.

[0006] In the steering system in this aspect, when the
angle between the intermediate shaft and the shaft cou-
pled to the second yoke is set to 61, the around-axis
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angle of the first yoke in the rotating direction around the
axial direction is set to ®1, and the angle between the
intermediate shaft and the shaft coupled to the fourth
yoke is set to 82, the junction angle between the fourth
yoke and the shaft attachment portion in the rotating di-
rection is adjusted to set the around-axis angle of the bolt
insertion hole in the shaft attachment portion in the ro-
tating direction to the angle (preset angle) w2, at which
an operation of inserting the bolt through the boltinsertion
hole is facilitated. Thus, the steering system can be more
efficiently assembled into the vehicle body.

[0007] In the steering system in the above-described
aspect, with the around-axis angle of the first yoke set to
o1, a pair of arm portions of the first yoke may be ar-
ranged in a vertical direction or a lateral direction when
the steering member is in a steering neutral position.
[0008] In the steering system in the above-described
aspect, with the around-axis angle of the first yoke set to
o1, the arm portions of the first yoke are arranged in the
vertical direction or the lateral direction. Thus, a torsional
rigidity of the intermediate shaft varies in the same man-
ner regardless of whether a driver of a vehicle steers the
steering member rightward or leftward with respect to the
steering neutral position. Thus, the driver of the vehicle
have the same steering feeling regardless of whether the
driver steers the steering member rightward or leftward
with respect to the steering neutral position. This allows
the steering system to be more efficiently assembled into
the vehicle body without undermining the driver’s favo-
rable steering feeling.

[0009] In the steering system in the above-described
aspect, the fourth yoke and the shaft attachment portion
may be serration-fitted together.

[0010] In the steering system in the above-described
aspect, since the fourth yoke and the shaft attachment
portion are serration-fitted together, the junction angle
between the fourth yoke and the shaft attachment portion
can be easily adjusted.

[0011] In the steering system in the above-described
aspect, the fourth yoke and the shaft attachment portion
may be joined together.

[0012] In the steering system in the above-described
aspect, the fourth yoke and the shaft attachment portion
are joined together and thus firmly fixed together.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and further features and advan-
tages of the invention will become apparent from the fol-
lowing description of example embodiments with refer-
ence to the accompanying drawings, wherein like numer-
als are used to represent like elements and wherein:

FIG. 1 is a schematic diagram of a steering system
according to a first embodiment of the invention;
FIG. 2 is a side view depicting a periphery of an in-
termediate shaft;

FIG. 3is an exploded perspective view of a periphery
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of a fourth yoke and a shaft attachment portion of a
second universal joint;

FIG. 4 is a schematic sectional view taken along line
IV-IVin FIG. 2;

FIG. 5 is a schematic diagram of a periphery of the
second universal joint as viewed in the direction of
arrow V in FIG. 2;

FIG. 6 is a graph illustrating a relation between an
around-axis angle of a first yoke and a torsional ri-
gidity of the intermediate shaft;

FIG. 7 is a side view depicting a periphery of an in-
termediate shaft of a steering system according to a
second embodiment of the invention; and

FIG. 8 is a schematic sectional view taken along line
VIII-VIIlin FIG. 7.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Embodiments of the invention will be described
below with reference to the attached drawings.

[0015] FIG. 1is a schematic diagram of a steering sys-
tem 1 according to a first embodiment of the invention.
The steering system 1 includes an intermediate shaft 4
to which a turning force of a steering member 2 such as
a steering wheel is transmitted through a first end 4A via
a steering shaft 3 to which the steering member 2 is cou-
pled at afirst end of the steering shaft 3. The intermediate
shaft 4 transmits the turning force to a steering operation
mechanism A which steers steered wheels W.

[0016] The steering system 1 further includes a first
universaljoint 9 coupled to the firstend 4A (the end closer
to the steering member 2) and the steering shaft 3 and
a second universal joint 10 coupled to a second end 4B
(an end opposite to the steering member 2) of the inter-
mediate shaft 4 and a pinion shaft 5 of the steering op-
eration mechanism A.

[0017] The intermediate shaft 4 is extendable and re-
tractable in an axial direction X of the intermediate shaft
4 and includes a first shaft 11 and a second shaft 12 fitted
together by, for example, splining, so as to be relatively
movable and integrally rotatable. The first universal joint
9is coupled to the first shaft 11, and the second universal
joint 10 is coupled to the second shaft 12.

[0018] On the pinion shaft 5, a pinion 5A is formed
which meshes with a rack 6A formed on a rack shaft 6
forming the steering operation mechanism A along with
the pinion shaft 5. The rack shaft 6 is shaped like a rod
that is elongate in a lateral direction H and that extends
horizontally rightward and leftward in the vehicle. The
rack shaft 6 is inserted through a rack housing 7. The
lateral direction H corresponds to a vehicle width direc-
tion. Tie rods 8 are coupled to respective ends of the rack
shaft 6inthe lateral direction H. The tie rods 8 are coupled
to the steered wheels W via respective knuckle arms (not
depicted in the drawings).

[0019] FIG. 2 is a side view depicting a periphery of
the intermediate shaft 4. In FIG. 2, members of the steer-
ing system are illustrated with the lateral direction H set
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to coincide with a direction perpendicular to the sheet of
the drawing.

[0020] A rotating direction S hereinafter refers to a ro-
tating direction around a central axis C1 of the steering
shaft 3, a rotating direction around a central axis C2 of
the intermediate shaft 4, and a rotating direction around
a central axis C3 of the pinion shaft 5. The rotating direc-
tion Sis a direction around the axial direction of the steer-
ing shaft 3, the intermediate shaft 4, and the pinion shaft
5.

[0021] As seenin FIG. 2, the first universal joint 9 in-
cludes a first yoke 20 coupled to the intermediate shaft
4, a second yoke 30 paired with the first yoke 20, and a
joint spider 40 that couples the first yoke 20 and the sec-
ond yoke 30 together so as to make the first yoke 20 and
the second yoke 30 relatively displaceable.

[0022] Thefirstyoke 20 integrallyincludes aflange por-
tion 22 fixed to the first end 4A of the intermediate shaft
4 by welding or the like and a pair of first arm portions 21
extending in the axial direction X from the first end 4A
and facing each other across the central axis C2.
[0023] The second yoke 30 includes a tubular portion
31 through which the steering shaft 3 is inserted and a
pair of clamping plates 32 extending from the tubular por-
tion 31 and clamping the steering shaft 3 via the tubular
portion 31. The second yoke 30 further includes a pair
of second arm portions 34 extending from the tubular
portion 31 in an axial direction thereof and facing each
other across the central axis C1 at a position displaced
from the position of the first arm portions 21 in the rotating
direction S by 90° along the rotating direction S. The tu-
bular portion 31, the clamping plates 32, and the second
arm portions 34 are integrally formed.

[0024] A clamping bolt 36 is inserted through the
clamping plates 32 to clamp the steering shaft 3. The
clamping bolt 36 clamps the clamping plates 32 together
to clamp the steering shaft 3 in the tubular portion 31.
[0025] The second universal joint 10 includes a third
yoke 50 coupled to the intermediate shaft 4, a fourth yoke
60 paired with the third yoke 50, a shaft attachment por-
tion 70 joined to the fourth yoke 60 and via which the
pinion shaft 5 is attached to the fourth yoke 60, and a
joint spider 80 that couples the third yoke 50 and the
fourth yoke 60 together so as to make the third yoke 50
and the fourth yoke 60 relatively displaceable. The fourth
yoke 60 and the shaft attachment portion 70 are serra-
tion-fitted together and joined together by welding.
[0026] The third yoke 50 integrally includes a flange
portion 52 fixed to a second end 4B of the intermediate
shaft 4 by welding or the like and a pair of third arm por-
tions 51 extending in the axial direction X from the flange
portion 52 and facing each other across the central axis
C2.

[0027] The fourth yoke 60 includes a flange portion 62
joined to the shaft attachment portion 70 and a pair of
fourth arm portions 63 extending in an axial direction Z
in which the central axis C3 extends and facing each
other at a position displaced from the position of the third
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arm portions 51 by 90° in the rotating direction S.
[0028] An angle between the intermediate shaft 4 and
the steering shaft 3 as viewed in the lateral direction H
is designated as an angle B. The angle B is 0° when the
steering shaft 3 and the intermediate shaft 4 are arranged
coaxially and adjacent to each other in the axial direction
X.

[0029] An angle between the intermediate shaft 4 and
the pinion shaft 5 as viewed in the lateral direction H is
designated as an angle y. The angle y is 0° when the
intermediate shaft 4 and the pinion shaft 5 are arranged
coaxially and adjacent to each other in the axial direction
X.

[0030] Whenthesteering system 1asdescribed above
is assembled into a vehicle body, the following operation
is performed. The angle P is set to an angle 61 presetin
accordance with specifications or the like, the angle vy is
set to an angle 62 preset in accordance with the specifi-
cations or the like, and the first universal joint 9 and the
second universal joint 10 are arranged at predetermined
positions in the rotating direction S. Then, the pinion shaft
5 is inserted through the shaft attachment portion 70 of
the second universal joint 10, and the pinion shaft 5 is
attached to the shaft attachment portion 70 with the
clamping bolt 74.

[0031] The following description relates to a coupling
structure for the second universal joint 10 and the pinion
shaft 5, and the positions of the first universal joint 9 and
the second universal joint 10 in the rotating direction S.
[0032] FIG. 3 is an exploded perspective view of a pe-
riphery of the fourth yoke 60 and the shaft attachment
portion 70 of the second universal joint 10.

[0033] AsseeninFIG. 3, the shaft attachment portion
70integrally includes a tubular portion 71 externally fitted
over a shaft such as the pinion shaft 5 and a pair of clamp-
ing plates 72 extending from the tubular portion 71 and
configured to clamp a shaft such as the pinion shaft 5 via
the tubular portion 71; the tubular portion 71 and the
clamping plates 72 are formed into a single member.
[0034] In the tubular portion 71, a slit 71A is formed
which extends along the axial direction Z of the tubular
portion 71 between the clamping plates 72. On an inner
periphery of the tubular portion 71, an internal serration
71B is formed which is serration-fitted to an external ser-
ration 5B formed at an end of the pinion shaft 5.

[0035] A boltinsertion hole 73 is formed in each of the
clamping plates 72 to allow the shaft such as the pinion
shaft 5 to be clamped. A clamping bolt 74 is inserted
through the bolt insertion holes 73. The clamping bolt 74
is fitted in a peripheral groove 5C of the pinion shaft 5
(see also FIG. 2). The clamping bolt 74 allows retaining
of the pinion shaft 5 in the tubular portion 71 to be
achieved. The clamping bolt 74 clamps the clamping
plates 72 together to clamp the pinion shaft 5 in the tu-
bular portion 71.

[0036] The tubular portion 71 is serration-fitted to the
flange portion 62. An external serration 71C is formed in
a portion of an outer peripheral surface of the tubular
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portion 71 that is closer to the flange portion 62 than the
clamping plates 72. In the flange portion 62, an insertion
hole 62A is formed through which the tubular portion 71
isinserted. On aninner peripheral surface of the insertion
hole 62A, an internal serration 62B is formed which is
serration-fitted to the external serration 71C.

[0037] The fourth yoke 60 and the shaft attachment
portion 70 are not limited to junction based on welding
but may be joined together by clinching or friction welding.
The clinching is performed on the fourth yoke 60 and the
shaft attachment portion 70 serration fitted together, by
plastically deforming the flange portion 62 of the fourth
yoke 60 or the tubular portion 71 of the shaft attachment
portion 70 to couple the flange portion 62 and the tubular
portion 71 together.

[0038] The length of the serration fitting between the
tubular portion 71 and the flange portion 62 is adjusted
to allow adjustment of the sum (yoke length) of the
lengths of the fourth yoke 60 and the shaft attachment
portion 70 in the axial direction. The fourth yoke 60 and
the shaft attachment portion 70 may be joined together
by clinching or frictional welding with the yoke length ad-
justed.

[0039] FIG.4isaschematicsectional view taken along
line IV-IVin FIG. 2. In FIG. 4, illustration of the joint spider
80 is omitted for convenience of description. Further-
more, in FIG. 4, the first arm portions 21 of the first yoke
20 are depicted by a long dashed double-short dashed
line for convenience of description. A clockwise direction
along the rotating direction S as viewed from a side op-
posite to the steering member 2 is designated as an S1
direction. A counterclockwise direction along the rotating
direction S as viewed from the side opposite to the steer-
ing member 2 is designated as an S2 direction. A line LO
hereinafter indicates a virtual line intersecting the central
axis C2 and extending horizontally (in the lateral direction
H).

[0040] Aline L1 indicates a virtual line intersecting the
central axis C2 and extending in a direction in which the
first arm portions 21 face each other. The line L1 is dis-
placed from the line LO by an around-axis angle a in the
S1 direction. The around-axis angle a. is represented by
an angle smaller than 360° (0° < o < 360°).

[0041] The around-axis angle is set to the angle 1
preset in accordance with the specifications or the like.
In the presentembodiment, the angle w1 is set such that,
with the steering member 2 located in the steering neutral
position, the around-axis angle o is 90° or 270°. The
steering neutral position refers to the position of the steer-
ing member 2 in the rotating direction S during straight
traveling of the vehicle. With the steering member 2 in
the steering neutral position, the first arm portions 21 are
arranged in the vertical direction (the direction orthogonal
to the lateral direction H). In this state, the line L1 and
the line LO are orthogonal to each other.

[0042] Aline L3 indicates a virtual line intersecting the
central axis C2 and extending in a direction in which the
third arm portions 51 face each other. The line L3 is dis-
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placed from the line L1 by a phase angle 3 in the S1
direction (0° < § < 360°).

[0043] When the angle B between the intermediate
shaft 4 and the steering shaft 3 is set to the angle 61
preset in accordance with the specifications or the like
and the angle y between the intermediate shaft 4 and the
pinion shaft 5 is set to the angle 62 preset in accordance
with the specifications or the like, the phase angle 3 is
set to an angle 63 at which a turning force from the steer-
ing shaft 3 can be efficiently transmitted to the pinion
shaft 5.

[0044] FIG. 5is a schematic diagram of a periphery of
the second universal joint 10 as viewed in the direction
of arrow V in FIG. 2. In FIG. 5, illustration of the pinion
shaft 5 and the third yoke 50 is omitted for convenience
of description. Furthermore, in FIG. 5, the line L3 extend-
ing in the direction in which the third arm portions 51 face
each other is depicted for convenience of description.
[0045] As seenin FIG. 5, a line L4 indicates a virtual
line intersecting the central axis C3 and extending in a
direction in which the fourth arm portions 63 face each
other. The fourth arm portions 63 face each other at a
position displaced from the position of the third arm por-
tions 51 by 90°, and thus, the line L4 is orthogonal to the
line L3.

[0046] A line L5 indicates a virtual line intersecting the
central axis C3 and a central axis CB of the bolt insertion
hole 73. A bolt insertion direction B in which the clamping
bolt 74 is inserted into the bolt insertion hole 73 extends
along the central axis CB. The angle between the line LO
and the line L5 is designated as an around-axis angle ¢
of the bolt insertion hole 73 in the rotating direction S.
The around-axis angle ¢ is represented by an angle
smaller than 360° (0° < ¢ < 360°).

[0047] The around-axis angle ¢ of the bolt insertion
hole 73 in the rotating direction S is set to an angle 2
preset in accordance with the specifications or the like.
The angle w2 refers to an angle to which the bolt insertion
direction B is preset so as to facilitate an operation of
inserting the clamping bolt 74 into the second universal
joint 10.

[0048] When the angle B between the intermediate
shaft 4 and the steering shaft 3 is set to the preset angle
01 and the angle y between the intermediate shaft 4 and
the pinion shaft 5 is set to the preset angle 62, that is,
when the phase angle § is set to the angle 63 and the
around-axis angle o of the first arm portions 21 of the
firstyoke 20 is set to the presetangle w1, ajunction angle
¢ between the fourth yoke 60 and the shaft attachment
portion 70 in the rotating direction S is adjusted (0° < ¢ <
360°) so as to set the around-axis angle ¢ of the bolt
insertion hole 73 in the shaft attachment portion 70 in the
rotating direction S to the angle ©2. The junction angle
¢ refers to an angle between the line L4 and the line L5.
[0049] In the first embodiment, when the angle f is set
to 61, the around-axis angle o is set to ®1, and the angle
yis setto 62, the junction angle € between the fourth yoke
60 and the shaft attachment portion 70 in the rotating
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direction S can be adjusted so as to set the around-axis
angle ¢ of the boltinsertion hole 73 in the shaft attachment
portion 70 in the rotating direction S to the angle 02, at
which the operation of inserting the clamping bolt 74 into
the bolt insertion hole 73 is facilitated. Thus, the steering
system 1 can be more efficiently assembled into the ve-
hicle body.

[0050] With the junction angle ¢ adjusted, the shaft at-
tachment portion 70 with the boltinsertion hole 73 formed
therein is serration-fitted to the fourth arm portions 63 to
enable the around-axis angle ¢ of the bolt insertion hole
73 in the rotating direction S to be set to the angle ©2.
Consequently, the junction angle ¢ between the fourth
yoke 60 and the shaft attachment portion 70 can be easily
adjusted.

[0051] The fourth yoke 60 and the shaft attachment
portion 70 are joined together by weld clinching, friction
welding, or the like. Thus, the fourth yoke 60 and the
shaft attachment portion 70 can be firmly fixed together.
[0052] Since the shaft attachment portion 70 and the
fourth yoke 60 are firmly fixed together by serration fitting,
welding, or the like, even when a separately formed shaft
attachment portion 70 and a separately formed fourth
yoke 60 are used for the second universal joint 10, the
rigidity and strength of the intermediate shaft 4 can be
maintained.

[0053] FIG. 6is a graph illustrating a relation between
the around-axis angle a. of the first yoke 20 and torsional
rigidity of the intermediate shaft 4. In the graph in FIG.
6, an axis of abscissas represents the around-axis angle
(°) a, and an axis of ordinate represents the torsional
rigidity (Nm/°) of the intermediate shaft 4. In FIG. 6, the
torsional rigidity of the intermediate shaft 4 varies with a
period of 180°, and thus, illustration of a part of the graph
in which the around-axis angle a is larger than 180° is
omitted. For 0° < a < 180°, the torsional rigidity of the
intermediate shaft 4 is highest when the around-axis an-
gle o is 90°, and is lowest when the around-axis angle o
is 180°.

[0054] With the around-axis angle a set to the angle
o1, the first arm portions 21 of the first yoke 20 are ar-
ranged in the vertical direction when the steering member
2 is in the steering neutral position. In other words, the
around-axis angle a is 90° when the steering member 2
is in the steering neutral position. In this case, the tor-
sional rigidity of the intermediate shaft 4 is highest when
the steering member 2 is in the steering neutral position,
and decreases when the steering member 2 is steered
with respect to the steering neutral position such that the
manner of the decrease is the same regardless of wheth-
er the steering member 2 is steered rightward or leftward.
Thus, the driver of the vehicle has the same stable steer-
ing feeling regardless of whether the steering member 2
is steered rightward or leftward with respect to the steer-
ing neutral position. This allows the steering system 1 to
be more efficiently assembled into the vehicle body with-
out undermining the driver’s favorable steering feeling.
[0055] A steering system 1P according to a second
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embodiment of the invention will be described below.
FIG. 7 is a side view depicting a periphery of the inter-
mediate shaft 4 in the steering system 1P. In FIG. 7,
members of the steering system are illustrated with the
lateral direction H set to coincide with a direction perpen-
dicular to the sheet of the drawing. FIG. 8 is a schematic
sectional view taken along line VIII-VIIl in FIG. 7. In FIG.
7 and FIG. 8, members of the second embodiment similar
to the corresponding members described above are de-
noted by the same reference numerals and will thus not
be described.

[0056] As seenin FIG. 7, the steering system 1P ac-
cording to the second embodiment is different from the
steering system 1 according to the firstembodiment (see
FIG. 2) in that first arm portions 21P of a first yoke 20P
of a first universal joint 9P are arranged in the lateral
direction H when the steering member 2 is in the steering
neutral position.

[0057] AsseeninFIG. 8, aline L1P indicates a virtual
line intersecting the central axis C2 and extending in a
direction in which first arm portions 21 P face each other.
The line L1P is located at a position displaced from the
line LO by the around-axis angle o in the S 1 direction.
The around-axis angle o is represented by an angle
smaller than 360° (0° < o < 360°).

[0058] The around-axis angle a is set to the preset an-
gle 1. In the second embodiment, the angle o1 is set
such that the around-axis angle o is 0° or 180° when the
steering member 2 (see FIG. 7) is in the steering neutral
position. In this state, the line L1P overlaps the line LO.
[0059] In the second embodiment, the virtual line L3
extending in the direction in which the third arm portions
51 of the third yoke 50 in the rotating direction S face
each other is located at a position displaced from the line
L1P by the phase angle § in the S2 direction (0° <3 <
360°).

[0060] In the second embodiment, the angle w1 is set
such that the around-axis angle o is 0° or 180° when the
steering member 2 is in the steering neutral position.
However, the second embodiment produces the same
effects as those of the first embodiment. That is, when
the angle P is set to 61, the around-axis angle a is set to
o1, and the angle y is set to 62, the junction angle ¢ be-
tween the fourth yoke 60 and the shaft attachment portion
70 can be adjusted so as to set the around-axis angle ¢
ofthe boltinsertion hole 73 in the shaft attachment portion
70 in the rotating direction S to the angle w2, at which
the operation of inserting the clamping bolt 74 into the
boltinsertion hole 73 is facilitated. Thus, the steering sys-
tem 1 can be more efficiently assembled into the vehicle
body.

[0061] Inthe second embodiment, with the around-ax-
is angle a set to the angle w1, the first arm portions 21P
of the first yoke 20P are arranged in the lateral direction
when the steering member 2 is in the steering neutral
position. In other words, the around-axis angle a is 0° or
180° when the steering member 2 is in the steering neu-
tral position. In this case, the torsional rigidity of the in-
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termediate shaft 4 is lowest when the steering member
2 is in the steering neutral position (see FIG. 6), and in-
creases when the steering member 2 is steered with re-
spect to the steering neutral position such that the man-
ner of the increases is the same regardless of whether
the steering member 2 is steered rightward or leftward.
Thus, the driver of the vehicle has the same smooth steer-
ing feeling regardless of whether the steering member 2
is steered rightward or leftward with respect to the steer-
ing neutral position. This allows the steering system 1 to
be more efficiently assembled into the vehicle body with-
out undermining the driver’s favorable steering feeling.
[0062] The invention is not limited to the above-de-
scribed embodiments but various changes may be made
to the embodiments.

[0063] For example, the external serration 71 C may
be omitted from the tubular portion 71, and the internal
serration 62B may be omitted from the flange portion 62.
In this case, the tubular portion 71 and the flange portion
62 are joined together while being supported with a jig
or the like with the junction angle ¢ adjusted to set the
around-axis angle ¢ of the bolt insertion hole 73 in the
rotating direction S to the angle ®2. Examples of a meth-
od for the junction include welding and clinching.
[0064] Unlike in the present embodiment, the fourth
yoke 60 may be a casting with the junction angle ¢ pre-
adjusted to set the around-axis angle ¢ of the bolt inser-
tion hole 73 in the rotating direction S to the angle 2.
[0065] The angle w1 need not necessarily be setso as
to arrange the first arm portions 21, 21P in the vertical
direction or the lateral direction at the steering neutral
position. For example, the angle ®1 may be set so as to
minimize adverse effects of vibration input through the
steered wheels W or the like. This enables a reduction
inthe degree of elimination of possible backlash between
the members of the steering system 1 and also enables
a reduction in rubber (not depicted in the drawings) or
the like provided in the steering system 1 to prevent pos-
sible vibration.

Claims
1. A steering system comprising:

an intermediate shaft to which a turning force of
a steering member is transmitted through a first
end of the intermediate shaft;

a first universal joint coupled to the first end of
the intermediate shaft; and

a second universal joint coupled to a second end
of the intermediate shaft, wherein

the first universal joint includes a first yoke coupled
to the intermediate shaft and a second yoke paired
with the first yoke, and the second universal joint
includes a third yoke coupled to the intermediate
shaft, a fourth yoke paired with the third yoke, and a
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shaft attachment portion coupled to the fourth yoke
and via which a shaft is attached to the fourth yoke,
aboltinsertion hole is formed in the shaft attachment
portion to allow the shaft to be clamped, and

when an angle between the intermediate shaft and
a shaft coupled to the second yoke is set to 61, an
around-axis angle of the first yoke in a rotating di-
rection around an axial direction is set to 1, and an
angle between the intermediate shaft and the shaft
coupled to the fourth yoke is set to 62, a junction
angle between the fourth yoke and the shaft attach-
ment portion in the rotating direction is adjusted to
set an around-axis angle of the bolt insertion hole in
the shaft attachment portion in the rotating direction
to a preset angle ©2.

The steering system according to claim 1, wherein
with the around-axis angle of the first yoke set to o1,
a pair of arm portions of the first yoke is arranged in
a vertical direction or a lateral direction when the
steering member is in a steering neutral position.

The steering systemaccordingto claim 1 or2, where-
in

the fourth yoke and the shaft attachment portion are
serration-fitted together.

The steering system according to any one of claims
1 to 3, wherein the fourth yoke and the shaft attach-
ment portion are joined together.
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FIG.6
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